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ABSTRACT 
 
Some bacterial isolates from produced water that showed extensive degradation of Polycyclic aromatic 
hydrocarbons (PAH) in produced water were screened for the presence of catabolic plasmids targeted for the 
degradation of phenanthrene and dibenzothiophene (DBT) to determine whether the genes responsible for the 
degradation of these substrates reside in either plasmid or chromosomal DNA. When grown on phenanthrene, 
Acinetobacter lwoffi, Enterobacter sp. and Pseudomonas sp. harbored some plasmids with molecular weights 
less than 23.1kbp except Pseudomonas sp that harbored plasmids with molecular weight higher than 48.5 kbp. 
When Corynebacterium sp., Vibrio sp. and Pseudomonas aeruginosa were grown on dibenzothiophene (DBT), 
Plasmids with molecular weights higher than 48.5kbp were found in these organisms. Upon further 
investigation and curing with acridine orange, the resident plasmids were lost in phenanthrene and DBT-
degrading isolates but all the organisms retained their abilities to grow on these compounds. This result 
indicates that the genes for the degradation of phenanthrene and DBT in these organisms probably reside in the 
Chromosomal DNA as opposed to the Plasmid DNA. 
© 2009 International Formulae Group. All rights reserved. 
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INTRODUCTION 
Phenanthrene is a low molecular 
weight Polycyclic Aromatic Hydrocarbons 
(PAH). PAHs are compounds containing 
Carbon and Hydrogen with the carbon atom 
arranged in a series of adjoining six 
membered benzene rings and they are present 
in produced water, crude oil and tars. PAH’s 
are known to be recalcitrant and are not easily 
degradable. They are also considered 
hazardous because of their potential trophic 
biomagnification and acute toxicity (Davville 
and Wilham, 1984). Dibenzothiophene (DBT) 
is a representative group of heterocyclic 
compounds which include thiophene, 
benzothiophene and benzonaphthothiophene 
(Monticello et al., 1985). These thiophene 
derivatives are known to be common in crude 
oil and rock extracts (Constanti et al., 1993). 
Dibenzothiophene and substituted derivatives 
represent important components of the sulfur 
containing heterocyclic organic compounds 
found in crude petroleum. Microbial 
transformation of DBT is therefore of interest 
in the potential desulphurization of oil, since 
high levels of thiophene and other S-
containing compounds lead to the generation 
of Sox which is toxic to the environment. 
Produced water is the formation water 
that comes along during the production of oil 
and gas, and there is no doubt that most of 
petroleum hydrocarbon components found in 
crude oil will also be present in the produced 
water. Plasmids are small circular extra-
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chromosomal DNA molecules that replicate 
independently in an organism. Some of the 
microbial catabolic pathways responsible for 
the degradation of hydrocarbons have been 
extensively characterized and are found to be 
located on large catabolic plasmids found in 
most Pseudomonas species (Sayler et al., 
1990). Monticello et al. (1985) demonstrated 
that degradation of DBT by Pseudomonas 
species was plasmid mediated. They isolated 
three soils Pseudomonas species which 
oxidized DBT to its characteristics water 
soluble sulfur containing products, and two of 
their isolates harbored a 55 megadalton 
plasmid. Other researchers like Kosheleva et 
al. (2000),   Anokhina et al. (2004) and 
Somnath et al. (2007) have equally 
demonstrated that biodegradation of 
phenanthrene is plasmid mediated. It is 
generally believed that catabolic pathways 
which encode numerous aromatic 
hydrocarbon degradation pathways are 
frequently located on plasmids and in the case 
of DBT and PAH, it is believed that the genes 
that are responsible for their degradation can 
be located on the plasmids. On the contrary, 
Etamadifer et al. (2006) have demonstrated 
the degradation of dibenzothiophene by 
Trichosporon sp., which was not plasmid 
mediated. In this study, some bacterial 
cultures that showed remarkable degradation 
of PAHs in produced water were grown on 
phenanthrene and DBT to verify whether the 
genes that are responsible for their 
degradation are located on the plasmids or 
chromosomal DNA. 
 
MATERIALS AND METHODS 
Enumeration of hydrocarbon utilizing 
bacteria 
Hydrocarbon utilizing bacterial counts 
in produced water samples were obtained by 
using the mineral salts medium of Mills et al. 
(1978). The composition of the medium is as 
follows (in g/l): NaCl (10), MgSO4.7H20 
(0.42), KCl (0.29), KH2PO4 (0.83), Na2HP O4 
(1.25), NaNO3 (0.42), Agar bacteriological 
(15), and pH adjusted to 7.2. The medium was 
autoclaved at 1.1 kg/cm2 for 15 min. The 
inoculated mineral agar plates were then 
inverted over sterile membrane filters 
moistened with crude oil (Escravos light) and 
held in the lid of the Petri dishes. The dishes 
were wrapped round with a masking tape so 
as to increase the vapor pressure within the 
Petri dishes while the plates were incubated at 
29 °C for 6 days, after which the growth of 
hydrocarbon degrading bacteria were 
observed and counted. 
 
Biodegradation of phenanthrene and 
dibenzothiophene (DBT) by pure bacterial 
cultures 
A weighed quantity of phenanthrene or 
dibenzothiophene (2 g) as the case may be 
was solubilized in 20 ml of normal hexane. 
Pure bacterial cultures isolated from produced 
water were incubated in a sterile 250 ml glass 
bottle containing 50 ml of mineral salts 
medium as described by Mills et al. (1978) 
with phenanthrene as the sole carbon source. 
The composition of the medium is as follows 
(in g/l): NaCl (10), MgSO4.7H20 (0.42), KCl 
(0.29), KH2PO4 (0.83), Na2HP O4 (1.25), 
NaNO3 (0.42), phenanthrene (0.2) and 50 ml 
of Sulfur deficient mineral salts medium as 
described by Hou and Laskin (1976) with 
DBT as the sole carbon source, the 
composition of the medium is as follows (in 
g/l): Na2HPO4.12H20 (9.5), KH2PO4 (1.4), 
MgCl2.6H20 (0.2), NH4Cl (5), FeCl2 (0.1), 
DBT (0.2) and n-parrafin (2 ml) . The 
bacterial cultures were grown as starter 
cultures in Nutrient Broth for 18 hrs and 
introduced into the mineral salts medium in 5 
ml aliquots. The initial pH was 7.2 and the 
incubation period was for 3 weeks at 29 °C in 
a stationery condition. Organisms that grew 
on phenanthrene and DBT were isolated and 
screened for plasmids. 
 
Detection and isolation of plasmids 
The method adopted for plasmid 
isolation and detection was as described by 
Kado and Liu (1981). Bacterial cultures were 
grown in L-broth (Luria Bertani Broth) for 18 
hr at 30 °C to give an optical density of about 
0.80 (at 600 nm). The bacterial cells (about 3 
ml) were pelleted by centrifugation at 5,700 
rpm for 7 min at 4 °C and suspended in 1 ml E 
buffer (40 Mm Tris and 2 Mm EDTA ). Two 
milliliters of lysis solution made up of Sodium 
dodecyl sulphate (SDS) and Tris (1:1 v/v) 
were added and the solution was heated to 50-
60 °C for 20 min in a water bath and 2 
volumes of Phenol Chloroform solution (1:1 
v/v) were added. The solution was emulsified 
by shaking briefly and the emulsion was 
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broken by centrifugation (6000 rpm, 15 min 
and 4 °C in Sorvall SS34 rotor). In order to 
avoid the precipitate at the interface, the upper 
aqueous phase was transferred to the screw 
cap tube using a polythene Pasteur pipette. To 
minimize shearing of large plasmids, samples 
were withdrawn and transferred with 
Drummond 50-microliter micropipette for gell 
electrophoresis. 
 
Agarose gel electrophoresis 
Agarose Gel Electrophoresis (0.7 
Seakem ME agarose) was used in plasmid 
detection. To resolve high molecular weight 
plasmids, a low salt buffer system composed 
of 40 mM Tris-acetate and 2 mM Sodium 
EDTA was used. The Tris was adjusted to pH 
7.9 with glacial acetic acid (E. buffer). 
Agarose was melted briefly (3-5 min) in E 
buffer in a microwave oven and mixed well 
before pouring. The electrophoresis was 
performed in a horizontal apparatus as 
described by Kado and Liu (1981). 
Photographs were taken of gels that were 
positioned over a shortwave UV light source 
and a Polaroid film exposed through a Titten 
15 orange filter was used. 
 
Curing with acridine orange 
Curing with acridine orange was 
performed according to the method of Miller 
(1972). Nutrient broth (2 ml) in screw cap test 
tubes was supplemented with acridine orange 
(Sigma) at 25 µl/ml increments from 25 -125 
µl/ml. Inoculation was carried out with about 
106 cells of plasmid bearing phenanthrene and 
DBT degrading bacteria. The tubes were 
incubated with shaking for 48 hrs at 30 °C. 
The cultures in tubes with the highest 
concentration of acridine orange that allowed 
growth were serially diluted and plated on 
nutrient agar to give 20-60 colonies per plate. 
Master and replica plating of the colonies 
were carried out on nutrient agar and minimal 
salts – phenanthrene and DBT agar, as the 
case may be, to identify colonies that have lost 
phenanthrene or DBT degrading ability. The 
putative cured strains were later examined for 
plasmids as described above. 
 
RESULTS 
Screening of some bacterial isolates for the 
presence of plasmids 
The following hydrocarbon utilizing 
bacterial isolates from produced water were 
screened for plasmids. Bacillus sp., 
Pseudomonas sp., Acinetobacter lwoffii, 
Achromobacter sp., Enterobacter sp., 
Pseudomonas mallei, Pseudomonas 
pseudomallei, Corynebacterium sp., Vibrio 
sp., Pseudomonas aeruginosa, Alcaligenes sp. 
and Serratia marcescens. They were grown 
individually on phenanthrene and 
dibenzothiophene (DBT) in pure cultures and 
later screened for plasmids. Some of the 
bacterial cultures showed presence of 
plasmids after growth on phenanthrene and 
DBT as shown in Figures 1 and 2. The 
cultures that showed presence of plasmids 
were subjected to further investigation. 
 
Cured bacterial strains 
 The plasmid bearing bacterial strains 
that were cured with acridine orange are 
Pseudomonas sp., Enterobacter sp., Vibrio sp. 
and Corynebacterium sp. All the strains 
retained their full ability to grow on 
phenanthrene and DBT after acridine orange 
treatment and this prompted further screening 
for plasmids of three putative cured strains of 
Pseudomonas sp., but no plasmids were found 
as can be seen in figure 3. 
 
DISCUSSION  
Catabolic pathways for numerous 
aromatic hydrocarbon degradation are usually 
located on the plasmids; this suggests that the 
genes that are responsible for degradation of 
hydrocarbons can be located in the Plasmid 
DNA (Jae-Chang and Sang-Jong, 2001). 
Traditionally, most genes that are responsible 
for the degradation of hydrocarbons are 
expected to be located on the Chromosomal 
DNA, plasmids are just extra chromosomal 
elements that may carry catabolic genes. It has 
been shown that most of the bacteria that 
carried out extensive petroleum hydrocarbon 
degradation in produced water do not possess 
plasmids (Okoro, 1999). In the present study 
some plasmids were found in some bacteria 
species that utilizes phenanthrene and DBT as 
their sole carbon and energy source and some 
attempts were made to find out whether the 
genes that specified their degradation were 
located on those plasmids. After growth on 
phenanthrene for instance, a plasmid with a
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Figure 1: Plasmids of some bacterial strains grown on phenanthrene. LANE: BACTERIAL 
CULTURE, A- Bacillus sp.  B- Pseudomonas sp.  C- Acinetobacter lwoffii, D- Achromobacter sp.  E- 
Enterobacter sp.  F- Pseudomonas pseudomallei, G- Pseudomonas mallei 28 kbp, 23.1 kbp, 48.5 kbp (Standard 
Markers In Kilo Base Pairs). 
 
 
 
 
 
Figure 2: Plasmids of some bacterial strains grown on dibenzothiophene (DBT). LANE: 
BACTERIAL CULTURE, 8- Pseudomonas pseudomallei 7- Corynebacterium sp.  6- Vibrio sp. 5- Pseudomonas 
aeruginosa 4- Alcaligenes sp.  3- Serratia marcescens 2- Bacillus Sp.  1- Pseudomonas mallei, 0- Standard Markers 
in Kilo Base Pairs (kbp) 
 
A  B   C  D  E   F G  H 
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Figure 3: Chromosomal DNA of three putative cured strains of Pseudomonas sp. with 
acridine orange. LANE A&E= Standard Markers, LANES B, C and D= Three putative cured strains of 
Pseudomonas sp. 
 
 
molecular weight slightly higher than 48.5 
kbp was located in Pseudomonas sp. 
Acinetobacter lwoffi and Enterobacter sp. also 
had plasmids with molecular weights lower 
than 23.1 kbp after growth on phenanthrene.  
Similarly, after growth on DBT, 
Corynebacterium sp., Vibrio Sp. and 
Pseudomonas aeruginosa had plasmids with 
individual molecular weights each higher than 
48.5 kbp, but all these plasmids were lost after 
curing with acridine orange as shown by 
agarose gel electrophoresis; however they still 
retained their ability to grow and utilize 
phenanthrene and DBT as sole carbon and 
energy sources. This is an indication that the 
genes that are responsible for the degradation 
of these compounds are not present on the 
plasmid DNA.  
Some researchers have on the contrary 
located the genes for degradation of these 
compounds in the plasmid DNA. For instance 
the genes for the degradation of phenenthrene 
by Pseudomonas putida strains were located 
on the plasmids (Kosheleva et al., 2000). 
Anokhina et al. (2004) also identified some 
plasmids that degraded phenanthrene in 
Pseudomonas sp., while Somnath et al. (2007) 
located some phenanthrene degrading 
plasmids in Staphylococcus sp. Gokhan and 
Serap (2005) isolated a 26 kbp plasmid from a 
strain of Pseudomonas sp. that was found to 
be responsible for the degradation of 
phenanthrene. In the case of DBT, Monticello 
et al. (1985) and Mormile and Atlas (1988) 
have also located DBT degrading genes in the 
plasmid bearing Pseudomonas species. On the 
contrary, Etamadifar et al. (2006) have 
demonstrated that DPT degradation by 
Torulopsis sp. is not plasmid mediated.  The 
present study have shown that not all plasmids 
that are seen in organisms utilizing certain 
compounds as their sole energy and carbon 
source are involved in the degradation of such 
compounds, as the plasmids may be involved 
in some other genetic functions. From the 
available data, it can be concluded that the 
plasmids found in the produced water 
bacterial isolates after growth on 
E A B C D 
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phenanthrene and DBT are not responsible for 
the degradation of these compounds. The 
genes that are responsible for the degradation 
probably reside in the chromosomal DNA 
since these organisms retain their normal 
growth characteristics on these compounds 
after losing their plasmids. 
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